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Abstract
The prerogative of animal welfare science includes wild species and ecological studies. Yet, guidance enshrined in legislation 
is narrowly derived from studies involving laboratory rodents; legitimacy for non-mammalian free-ranging species is thus 
debatable. The European directive 2010/63/EU illustrates this problem. It includes this key statement: “Practices not likely 
to cause pain, suffering, distress or lasting harm equivalent to, or higher than, that caused by the introduction of a needle…” 
which determines if the directive shall apply. Protocols involving surgery clearly fall within the scope of the directive: pro-
cedures are scrutinized, investigators and technicians must be qualified and various agreements are required (e.g. issued by 
an ethical committee). By contrast, non-invasive procedures, like mark-recapture population studies, merely need a permit 
from wildlife authorities (at least in most countries). Yet, blood sampling that implies the introduction of a needle—one 
of the most common practices in animals—could shift any study on the constraining-side of the directive, on the grounds 
that puncture impacts individuals more severely than capture. We examined the validity of the needle-threshold using the 
stress response of free-ranging snakes. Our results based on physiological markers show that blood sampling does not add 
any stress to that triggered by capture, and thus questions the usefulness of the needle-threshold to gauge welfare in wild 
animals. The specificities of studying wild species should be considered to redress captivity biased animal welfare policy.
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Introduction

Research in animal welfare science addresses a wide range 
of topics and aims to influence practices and legislation. 
In addition to ethical considerations, adopting the best 
practices to promote the wellbeing of the animals used for 
farming or scientific research can enhance the quality of 
the outcomes (e.g. agricultural production, the accuracy of 
scientific results), participate in the protection of wildlife 
and ecosystems and can even contribute to the amelioration 

of public health (Minteer and Collins 2005; Broom et al. 
2013; Goldberg 2016; Pandolfi et al. 2017). However, fully 
implementing animal welfare into legislation, training or 
educational programs is often a daunting challenge; resist-
ances come from all sides (Clippinger et al. 2016; Dawkins 
2017; Miranda-De La Lama et al. 2017; McCulloch and 
Reiss 2018). Part of the inertia has a historical background; 
conceptual, technical and knowledge obstacles are important 
too (Fraser 1999; Burghardt 2009; Franco 2013; Sneddon 
et al. 2018).

In the nineteenth century, maltreated horses used to 
power transports triggered the creation of societies for the 
protection of animals, and accordingly, induced improve-
ments of the law (e.g. SPCA in 1824, spcai.org). Recently, 
the ban of animal-tested cosmetics in the European market 
prompted the development of alternative approaches (Adler 
et al. 2011). In contrast, initiatives to take into account the 
sufferance of animals used in food industries have been sti-
fled by business priorities, limiting progress and eventually 
enabling the worldwide legal proliferation of inhumane bat-
tery farming with tragic environmental consequences (Tsia-
fouli et al. 2015). On the other hand, guidance for ethical 
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experimentations of laboratory mammals has been devel-
oping for more than 70 years (Russell and Burch 1959) and 
is continuously ameliorating scientific procedures (Knight 
et al. 2009; Franco 2013). However, its generalization to 
non-mammalian lineages is still in its infancy (Lindsjö et al. 
2016; Zemanova 2017; Sneddon et al. 2018). Overall, the 
situation of tens of billions of animals that are predomi-
nantly used for agricultural production every year, and sec-
ondarily for scientific and other purposes, remains question-
able (Broom et al. 2013; Mitchell 2011).

During the past decades, growing worries on the part of 
the general public about animal welfare has prompted politi-
cal reactions. A number of regulations are unsatisfactory 
however. Salient examples are provided by the European 
DIRECTIVE 2010/63/EU (2010). At present, this directive 
includes only vertebrates and cephalopods (Drinkwater et al. 
2019). Therefore, the vast majority of lineages and species 
are excluded; notably arthropods, supposedly because they 
have no capacity to feel pain. Yet, abundant studies have 
demonstrated that these organisms are fully equipped to 
perceive nociceptive stimuli and are able to express specific 
avoidance behaviours, thereby indicating that they can feel 
pain (Sneddon et al. 2014). This later topic is controversial 
however (Adamo 2019), illustrating the difficulty to frame 
into a consensual approach the disparity of the criteria used 
to assess animal welfare (Fraser 1999). We are at a pivotal 
period where objective information is required to assist 
regulations.

Whatever the case, vertebrates (at least at post larval 
stages) are covered by precisely defined guidance and offi-
cial decrees. In this context, blood sampling, one of the 
most common practices in animal studies, occupies a cen-
tral position. It is precisely here that we may determine the 
degree of invasiveness and suffering that can be inflicted 
to animals, under which the legislation for the protection 
and welfare of animals used for scientific purposes does not 
apply and for which ethical committee agreement is gener-
ally not required. Established for laboratory animals (mostly 
rodents), the DIRECTIVE 2010/63/EU (2010) stipulates that 
“practices not likely to cause pain, suffering, distress or last-
ing harm equivalent to, or higher than, that caused by the 
introduction of a needle in accordance with good veterinary 
practice” do not fall within the scope of regulated proce-
dures. Undoubtedly, this threshold represents a significant 
improvement for experimental studies that involve captive 
vertebrates (Ricceri and Vitale 2011). Its applicability in 
wild animals has not been assessed, but the rule applies 
equally both to captive and wild animals. There is a trade-
off between the legitimacy and the applicability of laws, jus-
tifying taxonomic shortcuts (i.e. the generalized nature of 
legislation has drawn conclusions that are applied in a broad 
taxonomic context without sufficient evidence). Testing the 
worth of the needle-threshold in field studies is nevertheless 

essential, notably to assist further technical and legislation 
improvements.

In the current study we address this key issue regarding 
wild animals. Yet, how can we evaluate the specific impact 
of puncture in terms of animal welfare? In vertebrates, pain-
ful or threatening events cause a rapid and massive release 
of stress hormones, chiefly catecholamines and glucocorti-
coids, in the bloodstream (Romero 2004). Assessing changes 
of plasma concentrations of these hormones is a routine 
technique to gauge the impact of stressful events in wild 
animals (Romero 2004; Mormède et al. 2007). Acute stress 
responses are influenced by the type of stressors employed 
and by their intensity (Skoluda et  al. 2015). Thus, we 
hypothesize that if the introduction of a needle is effectively 
painful and harmful, an acute response should be detected 
with physiological markers (Mormède et al. 2007).

However, capture and restraint of the subject are inevi-
table before puncture. Consequently, the stress occasioned 
by the introduction of a needle per se cannot be dissociated 
from the stress provoked by handling. We circumvented 
this difficulty by relying on the dynamic aspect of the stress 
response. We hypothesized that a possible additional stress 
of puncture over capture stress would provoke a greater 
release of stress hormones compared to handling alone. 
Because circulating hormones are not cleared immediately, 
a possible carry-over effect caused by the penetrating needle 
should result in higher plasma levels measured during subse-
quent samplings. Consequently, comparing the trajectories 
of stress hormone levels during acute stress responses in 
individuals subjected—or not—to initial puncture and sub-
sequently monitored with repeated blood samples, provides 
a means to test if the needle-threshold is an adequate welfare 
criterion in free-ranging animals.

Material and methods

Experimental design

The main objective was to detect possible strong stress (or 
distress?) caused by the introduction of a needle that is 
greater than the stress caused by handling per se (Fig. 1). 
It is essential to start from basal levels; thus, the subjects 
should not detect the observers from distance before capture. 
Next, catching and sampling blood must be rapid in order to 
keep precise timing across subsequent blood samples and to 
minimize the possible impact of handling before the blood 
is effectively collected. A system where animals can be very 
rapidly collected and easily sampled offers the desired tech-
nical advantages. Trapping or chasing animals and complex 
restraining procedures are consequently inappropriate (John-
stone et al. 2012).

Author's personal copy



Journal of Comparative Physiology B 

1 3

For these reasons we selected a dense population of ani-
mals that can be easily manipulated and sampled, the dice 
snakes Natrix tessellata (Ajtić et al. 2013). Adult individ-
uals were captured in July 2018 on the shores of Golem 
Grad Island (18 ha, Prespa Lake, North Macedonia). The 
snakes were visually searched and rapidly seized by hand; 
approximately 100–150 µL of blood was rapidly taken by 
cardiocentesis using 1.0 mL syringes with 30G heparinized 
needles. The blood was effectively collected 3.2 ± 1.5 min 
(± SD) after capture. The snakes were then kept in a calico 
bag (laid in the shade) for repeated blood sampling 15 min 
(15.8 ± 1.4 min) and 30 min (31.3 ± 2.0 min) later. On aver-
age, the total amount of blood collected per individual repre-
sented less than 0.15% of snake body mass (~ 0.12 ± 0.09%, 
range 0.05–0.47%). All the snakes were measured after the 
last puncture and released at the place of capture. None 
of the snakes exhibited any sign of distress or disorder at 
release.

Snakes were randomly allocated to one of the two treat-
ments: initial puncture vs not (Fig. 1). In the puncture group 
they were rapidly sampled (N = 13 snakes bled 3 times, at 
t1, t2 and t3). In the control group, the snakes were handled 
in the same manner as snakes that were punctured but the 
initial puncture was skipped (N = 17 snakes bled twice, at 
t2 and t3). In this latter group, a subgroup of four snakes 
were further manipulated as if they were blood sampled: 
rapidly after capture, they were placed on their back and the 
skin above the heart was gently touched with a small stick 

for 30 s (i.e. mimicking a blood sample without introduc-
ing a needle). In practice we found no difference in stress 
responses between the subgroups (N = 13 initial puncture 
skipped vs N = 4 initial puncture mimicked); therefore, they 
were pooled. Placing individuals on their back, inserting the 
needle and taking blood (or mimicking this step) was rapidly 
performed (~ 1 min) and represented a small fraction of total 
handling time (e.g. ~ 3 min at t1) compared to capture plus 
other manipulations (transport from capture to the place of 
sampling, putting snake into a bag…). The total number 
of blood samples was N = 73 (N = 13 at t1, N = 30 at t2 and 
N = 30 at t3). Sex sample sizes were as follows: 19 females 
(11 control + 8 punctured at t1) and 11 males (6 control and 
5 punctured at t1). All procedures were approved by North 
Macedonia and French authorities (permits 03-246, 09/346/
DEROG, A79-001, and 79-157).

Stress markers

Blood glucose concentration (GLUC) was immediately 
evaluated with a drop of blood (5 µL) using miniature glu-
cometers (Bayer Contour Next/One). The rest of the blood 
was then centrifuged at 6000 rpm (3 min); the plasma was 
collected in 1.5 mL cryotubes and stored in liquid nitrogen. 
Plasma corticosterone level (CORT) was measured using 
radioimmunoassay in the CEBC laboratory (see Bonnet 
et al. 2013 for details).

Statistical analyses

CORT values were Box-Cox transformed to meet the nor-
mality assumption (Shapiro–Wilk W = 0.977, P = 0.197). 
The distribution of the other continuous variables did not 
deviate from normality. The assessment of stress responses 
involved a design with a repeated (within-subject) factor: 
GLUC or CORT repeated over time for each individual in 
this study. We analysed GLUC and CORT responses sepa-
rately. Therefore, we used a general linear model (GLM) 
with a single repeated factor, either GLUC or CORT, and 
puncture treatment as the main categorical predictor. Pos-
sible interactions with sex (another categorical predictor) 
were examined and body mass was implemented as a covari-
ate. The distribution of within-cell residuals revealed that 
the plots of expected normal vs observed values followed 
almost linear patterns without outlier. Analyses were per-
formed with Statistica 13.5.0.17.

Results

Both markers, GLUC and CORT responded strongly 
with a sharp increase over time revealed by highly sig-
nificant effect of time in the GLM for repeated measures 
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Fig. 1  Hypothetical scenario and data used to tackle the needle 
threshold problem. Handling can cause an elevation of stress hor-
mone concentration (open circles). This effect, classically observed 
in capture–mark–recapture studies, is assumed to be acceptable in 
terms of animal welfare and is not covered by the European directive 
2010/63/EU. By contrast, puncture (introduction of a needle during 
blood sample in the field for example) presumably triggers a strong 
stress (black circles) that requires the application of complex regu-
lations to ensure that official guidance (e.g. 3Rs) is respected. Mean 
levels of stress marker concentration are arbitrary
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(Fig. 2, Tables 1, 2). The response occurred earlier for 
GLUC compared to CORT, however: Tukey post-hoc 
tests revealed a significant difference between t1 and t2 
for GLUC (P < 0.002, N = 13), but not CORT (P = 0.1461, 
N = 13).

For both stress markers, there was no difference 
between the trajectories of the two experimental groups 
(Tables 1, 2). Body mass and sex did not contribute signifi-
cantly to the acute response. The broad marginal effect of 
sex on CORT (Table 2) was due to slightly higher values 
in males; it became non-significant when the effect of time 
was taken into account (Table 2).

Discussion

The fast sampling procedure likely minimized stressful 
effects before the blood was actually retrieved, allowing 
obtaining accurate basal levels. This condition was essen-
tial to isolate the specific impact of the introduction of 
a needle (Fig. 1). We did not find any evidence for such 
needle impact, however. In contrast to laboratory animals, 
wild vertebrates are not accustomed to human observers; 
thus, even a gentle capture can be assimilated to a preda-
tion event that triggers strong stress response that may 
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Fig. 2  Glycaemia (GLUC, mean ± SE, mg  dL−1) and corticosterone 
level (CORT, mean ± SE, ng mL−1) were measured in two groups of 
snakes (i.e. treatment effect in Tables 1, 2). In one group (Puncture at 
T1; black circles N = 13), the snakes were sampled three times. The 
first puncture was omitted in the second group (No puncture; open 
circles, N = 17), the snakes were sampled twice at T2 and T3. This 
provided a mean to compare the effect of the initial puncture (T1) 
on the following stress responses of the groups at T2 and T3. Both 
GLUC and CORT increased after capture, but a possible additional 
effect of puncture was not detected: the trajectories were not different 
between the two groups

Table 1  Summary of the GLM analyses where repeated measures, 
15  min and 30  min after capture, of blood glucose levels (GLUC, 
time effect) were compared between individuals that experienced—or 
not—the introduction of a needle at capture (treatment)

In addition to this factor, sex was implemented. GLUC increased 
sharply over time, but without interaction with sex or treatment 
(Fig. 2)

Effect SS df F P

Intercept 12,4392.9 1 375.514 < 0.001
Sex 335.5 1 1.013 0.324
Treatment 75.1 1 0.227 0.638
Sex × treatment 230.2 1 0.695 0.412
Error 8612.8 26
Time 1514.0 1 36.332 < 0.001
Time × sex 41.2 1 1.000 0.329
Time × treatment 71.9 1 1.725 0.201
Time × sex × treatment 0.3 1 0.007 0.934
Error 1083.5 26

Table 2  Summary of the GLM analyses where repeated measures, 
15  min and 30  min after capture, of plasma corticosterone levels 
(CORT, time effect) were compared between individuals that expe-
rienced—or not—the introduction of a needle at capture (treatment)

In addition to this factor, sex was implemented. CORT increased 
sharply over time, but without interaction with sex or treatment. A 
significant univariate effect of sex became non-significant when the 
effect of time was taken into account

Effect SS df F P

Intercept 2992.7 1 296.840 < 0.001
Sex 54.7 1 5.423 0.028
Treatment 1.4 1 0.141 0.711
Sex × treatment 7.9 1 0.787 0.383
Error 262.1 26
Time 49.1 1 29.351 < 0.001
Time × sex 3.6 1 2.177 0.152
Time × treatment 0.36 1 0.212 0.649
Time × sex × treatment 3.8 1 2.290 0.142
Error 43.5 26
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mask other effects. The strong acute stress responses with-
out any additional puncture effect were thus predictable. 
Yet, this study is the first to examine this issue in a natural 
setting and additional stress provoked by blood sampling 
was fully imaginable. Below we discuss eco-physiological 
aspects and consider legislative framework.

Eco‑physiological perspective

For any wild animal, escaping predation is a priority. Once 
captured, the snakes reacted vigorously, displaying anti-
predator behaviours (shaking, hissing, defecating…). A 
possible puncture effect was marginal in this context. The 
penetration of the needle involved modest histological 
impact (i.e. limited tissue destruction or loss). Indeed, we 
used very small needles (30 G; 0.3 mm diameter) and we 
rapidly retrieved small amounts of blood (< 0.15% of snake 
mass). Serial cardiocentesis performed in young pythons, 39 
blood samples per individual, using relatively large needles 
(25 G–22 G; 0.5–0.7 mm diameter) has shown that this tech-
nique is well-tolerated and causes none or minimal impact to 
the cardiac tissues (Isaza et al. 2004). A fortiori, 2–3 punc-
tures with a much smaller needle would entail negligible 
risks of harming the snakes.

Animals seized by a large predator launch all their 
defence mechanisms; a process notably underpinned by 
the fast activation of the hypothalamo-pituitary-adrenal 
axis (Goldstein 2003). The hypothalamus rapidly integrates 
visual (i.e. the sight of human predators), tactile and proprio-
ceptive (i.e. due to capture restraint) stimuli and triggers a 
powerful response (Silva et al. 2013; Tovote et al. 2016). The 
early and massive release of glucose likely resulted from the 
almost immediate upsurge of plasma catecholamine levels 
caused by the activation of adreno-medullary hormonal sys-
tem that participates in pain, panic and frightened emotional 
states (Yokoo et al. 1990; Goldstein 2003). The slightly 
delayed surge of glucocorticoids was probably caused by 
the activation of the hypothalamo-pituitary-adrenocortical 
system, involved in the mobilization of energetic resources, 
notably glucose, that sustain the stress response (Romero 
2004).

Regardless, a central question for animal welfare was 
to evaluate the noxiousness of the stress provoked by cap-
ture plus blood sampling: will bled individuals suffer ill-
ness and prolonged discomfort over days or weeks after 
release? Increasing stress hormone levels are sometimes 
inappropriately considered as an index of pain or sickness 
(Goldstein 2003). There is now general agreement that 
an acute stress response, although provoking discomfort 
or distress, is unlikely to cause disease, while a chronic 
overload of the stress system can be the source of patholo-
gies (Romero et al. 2009). Chronic stress disorders are 
frequent in modern human societies (Chrousos 2009); but 

in healthy individuals, sporadic acute stresses are not more 
harmful than a sprint. Stress induced by blood sampling 
is not necessarily noxious. Yet, sampling has to be fast, 
gentle and the volume of blood retrieved must remain low 
relative to body mass (Brown and Brown 2009). More gen-
erally, acute stress response prompted by field procedures 
(e.g. capture, forced regurgitation) did not impact sea 
snakes monitored during long-term field studies (Fauvel 
et al. 2012).

Overall, in wild snakes, specific pain and/or acute stress 
caused by the introduction of a needle to take blood may be 
negligible or may be masked (hence is not superior to cap-
ture stress), and possible pathological effects are unlikely. 
Most population studies regarding the impact of blood sam-
pling were performed in birds (reviews in Sheldon et al. 
2008 and Voss et al. 2010). The general outcome is that 
blood sampling has no major detrimental impact in wild 
birds, although in sparrows both negative and null results 
have been reported (Brown and Brown 2009; Smith et al. 
2016). In contrast, non-invasive techniques like banding or 
fitting individuals with data loggers can compromise flight 
due to increased drag and thus can deteriorate survival and 
body condition (Putman 1995; Saraux et al. 2011; Costantini 
and Møller 2013). Detrimental effects of bio-logging have 
also been documented in sea-turtles and marine mammals 
(McIntyre 2015; Hamelin and James 2018). Moreover, cap-
ture can provoke tail loss in 10% of several species of lizards 
and reduce their fitness (Scroggie and Clemann 2009). Field 
researchers are constantly improving monitoring techniques 
and efficaciously minimizing their impact on wild animals. 
The vast majorities of field studies are harmless to popu-
lations (Clewley et al. 2018; Swierk and Langkilde 2018). 
Available information suggests that blood sampling is not 
the priority in terms of animal welfare.

Legal context

Why then, is the needle-threshold inscribed in legalisation? 
The introduction of a needle in a blood vessel, although 
a routine benign procedure, is often rated as painful by 
humans and captive animals; this amply justifies ethical 
considerations (Lee and Goosens 2015). The strong sym-
bolic and emotional significations of blood for humans may 
also have played a role (Carsten 2011). But anthropomor-
phic criteria may not be able to apply as equally as well to 
optimize research procedures with regards to wild animals 
as it does to captive ones (Langkilde and Shine 2006). The 
official position that non-invasive techniques used in popula-
tion studies (e.g. trapping, handling, marking) are mild com-
pared to blood sampling does not match eco-physiological 
evidence. Capture and restraint represent major events for 
wild animals.
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Should we stop field studies altogether?

A claim voiced by a growing number of non-governmental 
organizations, the total cessation of the use of animals for 
scientific purposes, is officially enshrined as a long-term 
objective in European laws. Legislators have ignored the 
everyday life of wild animals. Only death can reduce stress 
levels to zero. Setting up artificial anthropogenically biased 
moral frontiers will drive regulations up a blind alley with-
out any net benefit to wild animals. It is essential to move 
away from such unrealistic views to one based on practical 
biologically informed ethical facts. Field studies and their 
plethora of techniques (blood sampling, bio-logging, biop-
sies, etc.) are vital to better understand how animals live, 
for educational programs, or to assist conservation actions. 
Sound regulations should be set up within the scope of 
enlightened policies to stimulate researchers to pursue their 
efforts to better define all procedures. Minimizing short-term 
stress imposed on individuals from any lineage where noci-
ception has been documented is ethically crucial.

Questioning wild animals about their feelings is almost 
impossible, however. Many animal species do not exhibit 
any signs that can be easily monitored in order to distinguish 
discomfort, panic or distress. This is the case, for example, 
for a tortoise with its head and legs withdrawn into its shell. 
Physiological assessment can be useful to skirt this problem: 
acute stress response and chronic stress monitoring notably.

Conclusion

The 2010/63/EU directive is a comprehensive text that 
encompasses a wide array of topics and that successfully 
places animal welfare questions at the heart of procedures. 
It cannot be summarized with the needle-threshold crite-
rion. On the other hand, blood sampling is widely used in 
the field for a wide range of eco-physiological, sanitary 
and genetic investigations. Our study has shown that the 
effect of a needle puncture is negligible in comparison to the 
effect of capture and manipulation and that it does not cause 
additional distress. Further studies are certainly needed in 
other lineages (e.g. birds, mammals) to test the validity of 
our results. Yet, the likelihood that dice snakes are the only 
species where capture inflicts a greater stress than blood 
sampling per se is low; thus we hypothesise that this effect 
is widespread in wild vertebrates. If so, current cursors could 
be shifted; for example, routine blood sampling could be 
included in the pool of harmless procedures. On the other 
hand, the impact of field studies on individuals and popula-
tions should be monitored on a regular basis to allow meta-
analyses. Indeed, available information is sparse for most 
taxa, especially regarding demographic traits, hampering the 

possibility to identify the best approaches and refine proto-
cols (McIntyre 2015).
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